Synthesis of metallic nanostructures for applications in ultrasensitive detection by Zhang, Yun
University of Windsor
Scholarship at UWindsor
Electronic Theses and Dissertations
2014
Synthesis of metallic nanostructures for
applications in ultrasensitive detection
Yun Zhang
University of Windsor
Follow this and additional works at: http://scholar.uwindsor.ca/etd
Part of the Biochemistry, Biophysics, and Structural Biology Commons
This online database contains the full-text of PhD dissertations and Masters’ theses of University of Windsor students from 1954 forward. These
documents are made available for personal study and research purposes only, in accordance with the Canadian Copyright Act and the Creative
Commons license—CC BY-NC-ND (Attribution, Non-Commercial, No Derivative Works). Under this license, works must always be attributed to the
copyright holder (original author), cannot be used for any commercial purposes, and may not be altered. Any other use would require the permission of
the copyright holder. Students may inquire about withdrawing their dissertation and/or thesis from this database. For additional inquiries, please
contact the repository administrator via email (scholarship@uwindsor.ca) or by telephone at 519-253-3000ext. 3208.
Recommended Citation
Zhang, Yun, "Synthesis of metallic nanostructures for applications in ultrasensitive detection" (2014). Electronic Theses and
Dissertations. Paper 5061.
 
 
Synthesis of metallic nanostructures 
for applications in ultrasensitive 
detection 
 
by 
Yun Zhang 
 
A Thesis 
Submitted to 
The Faculty of Graduate Studies  
Through the Department of 
Chemistry and Biochemistry in Partial 
Fulfillment of the Requirements for the 
Degree of Master of Science at 
The University of Windsor 
Windsor, Ontario, Canada 
2014 
 
©2014 Yun Zhang 
ii 
 
Synthesis of Metallic Nanostructures for Applications in 
Ultrasensitive Detection 
 
 
 
by 
 
 
 
Yun Zhang 
 
 
 
 
 
 
APPROVED BY: 
 
 
 
 
______________________________________________ 
D. Northwood 
Mechanical, Automotive & Materials Engineering 
 
 
 
______________________________________________ 
H. Eichhorn 
Department of Chemistry & Biochemistry 
 
 
 
______________________________________________ 
R. Aroca 
Department of Chemistry & Biochemistry 
 
 
 
 
 
 
 
 
 
 
January 15, 2014 
iii 
 
 
Declaration of Co-Authorship/Previous Publication 
I. Declaration of Co-Authorship. 
I hereby declare that this thesis incorporates material that is the result of joint 
research, as follows:  
 Chapter 4 incorporates research performed in close collaboration with Ariel 
Guerrero, who performed most of the Raman and Fluorescence spectroscopy work. 
The cubes project incorporates research performed in collaboration with Wenhao 
Chen, who performed most of the wet chemistry experiments leading to the 
synthesis of silver nanocubes. 
I am aware of the University of Windsor Senate Policy on Authorship and I certify 
that I have properly acknowledged the contribution of other researchers to my thesis, 
and have obtained written permission from each of the co-authors to include the above 
materials in my thesis. 
I certify that, with the above qualification, this thesis, and the research to which it 
refers, is the product of my own work. 
II. Declaration of Previous Publication. 
This thesis includes 1 original paper that has been published: 
Ch. Title Status 
4 Experimental Confirmation of Local Field Enhancement 
Determining Far Field Measurements with Shell-Isolated 
Silver Nanoparticles. Guerrero, A. R.; Zhang, Y.; Aroca, R. F. 
Small 2012, 8, 2964. 
Published 
 
I certify that I have obtained a written permission from the copyright owners to 
include the above published material in my thesis.* I certify that the above material 
describes work completed during my registration as a graduate student at the University 
of Windsor. 
                                                     
*
 The full text of that permission is included in the Appendix  – Copyright Transfer Forms 
iv 
 
I declare that, to the best of my knowledge, my thesis does not infringe upon 
anyone’s copyright nor violate any proprietary rights, and that any ideas, techniques, 
quotations, or any other material from the work of other people included in my thesis, 
published or otherwise, are fully acknowledged in accordance with the standard 
referencing practices. Furthermore, to the extent that I have included copyrighted 
material that surpasses the bounds of fair dealing within the meaning of the Canada 
Copyright Act, I certify that I have obtained a written permission from the copyright 
owners to include such materials in my thesis. 
I declare that this is a true copy of my thesis, including any final revisions, as 
approved by my thesis committee and the Graduate Studies Office, and that this thesis 
has not been submitted for a higher degree to any other university or institution. 
  
v 
 
Abstract 
 
The plasmonic enhancement of fluorescence and scattering is built up by the local field 
created in nanostructures of silver and gold sustaining localized surface plasmon 
resonances (LSPR). The plasmon properties in metallic nanostructures depend on their 
shapes, sizes and the dielectric properties of the metal and the environment. Therefore, 
the fabrication of nanostructures with controlled plasmon properties is at the heart of 
practical applications. One of the main objectives of the research work presented in this 
thesis was to develop reproducible protocols for coating the silver colloids to form shell-
isolated nanoparticles, and extend the work to different shapes.  The fabricated 
nanostructures are explored in plasmon enhanced fluorescence (SHINEF) and plasmon 
enhanced Raman scattering (SHINERS) of molecules in solution and on Langmuir-
Blodgett monolayers. 
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1 Overview  
The most powerful analytical techniques for ultrasensitive detection are surface-
enhanced Raman scattering (SERS)[1,2], surface-enhanced resonance Raman scattering 
(SERRS)[3,4] and surface-enhanced fluorescence (SEF)[5,6]. The role of nanostructures was 
realized at the very beginning of SERS development[7,8], and its coupling with 
plasmonics[9]  has opened the gates for the fast growing field of plasmon enhanced 
spectroscopy[3,4,10,11]. SERS and SEF are two different phenomena which are also 
complementary. Both of them can explore matter at a level of detection that includes 
the spectra of single molecules.[12,13] At the center of all these new developments is the 
fabrication and characterization of metallic nanostructures and nanostructure arrays, 
which is the field of nanotechnology.  Although nanotechnology is a fairly new science, 
the chief concepts have been developing over the course of the last century[14,15]. 
Interestingly, people have been employing nanotechnology for over a thousand years. 
The Chinese were known to use gold nanoparticles as an “inorganic dye” to create a red 
color in their ceramic porcelains.  
Today, there is active research fabricating nanoparticles of different sizes and shapes 
with different plasmonic properties.[16,17] Different shapes of nanostructures give 
different plasmons and can excite the same material at different regions of the EM 
spectrum, that also extremely sensitive to the changes in the refractive index of medium 
where they reside. Metallic nanostructures with the right optical properties, proper size 
and morphology can enhance optical fields by several orders of magnitude. It has been 
demonstrated that they can play the role o  “ampli iers” which can increase the optical 
signal up to 1010 times, as is the case in SERS.[18] [19] 
In this thesis, we present the results of testing several methods to synthesize different  
metallic nanostructures using wet chemistry, including the traditional spherical 
shape[20],  and other approaches, such as Xia’s ethylene glycol reduction method with 
and without hydrochloric acid[21].  Core metallic nanostructures where then coated with 
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SiO2, in order to pursue their application in a new technique term Shell-Isolated 
Nanoparticle-Enhanced Fluorescence (SHINEF).[22]  
In chapter two, the instrumental methods for the work are briefly introduced.  
In chapter three, the background of the synthesis of metallic nanostructure is discussed 
with focus on the kinetic and thermodynamic formation of the nanostructure. There are 
several parameters which when changed, can affect the nanostructure shape and 
behaviour. 
In chapter four, we present the results of recent work [23], where shell-isolated silver 
nanoparticles are synthesized to carry out experimental SHINEF work in solution.  Also 
the fabrication of nanocubes is discussed, which includes syntheses, and the 
methodology for coating the nanocubes. We try these nanostructures in surface 
enhanced fluorescence experiments with two different low quantum yield molecules, 
CV and EV in solution, and enhancement factors are calculated by comparing the area 
under the curve. 
In chapter five, the homogeneity of the nanostructures and the stability of the colloidal 
solution are discussed. Since the nanostructure is the heart of the plasmonic 
enhancement, optimizing all the factors which can affect the homogeneity and stability 
of the nanostructure become extremely important. Following the main objective of the 
thesis, the work done to coat nanostructures is discussed. The coating protects the 
nanoparticles and can prolong the nanostructure shelf time. Coating techniques can 
provide long lasting, stable nanostructures for plasmon-enhanced spectroscopy 
applications and make significant contributions to the bioanalytical field and medical 
fluorescence microscopy developments[24].   
The aggregation of nanoparticles plays an important role in the spatial formation of hot 
spots[10]. In practise, very large localized enhancement of optical signals may be 
observed. Therefore, we introduced aggregating agents and investigate the SHINEF 
enhancement factor in solution.    
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2 Physical methods 
2.1 Vibrational Raman scattering  
When a laser beam strikes a sample and light is scattered, if the scattered light has the 
same frequency as the incident light, we call it elastic or Rayleigh scattering. Inelastic or 
Raman scattering is observed when scattered light has a different frequency from the 
laser beam.[1] With the laser line at the origin, Stokes lines appear shifted to lower 
energy, while blue shifted (higher energy) lines are termed anti-Stokes (see Figure 2-1). 
Under normal conditions Stoke-shifted Raman scattering is favored over anti-Stokes, 
because the population of excited vibrational states is low. This is particularly true for 
high frequency vibrations. Because of this, Stoke-shifted Raman scattering is more 
intense and is commonly used in analytical spectroscopy.[2]  
 
Figure 2-1 Rayleigh and Raman scattering process 
 
In Figure 2-1, Rayleigh and Raman scattering processes are depicted using a simple 
energy level diagram.  Under normally ambient temperatures condition, Stokes-shift is 
intense compared with the anti-Stokes-shift. However, with elevated temperatures, 
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where excited vibrational states[3] are more heavily populated, and the Stokes/anti-
Stokes ratio increase, blue shift may become more probable than the red shift. This can 
be useful for determining sample temperatures. Rayleigh scattering, on the other hand, 
is far more intense than either of these Raman scattering processes, and it is necessary 
to filter it out experimentally. 
In Figure 2-2, the Stokes and anti-Stokes scattering spectra of CCl4 molecule is given 
showing the general trend in relative intensities for those processes, due to the low 
probability of higher excited vibrational state at normal temperature, therefore, Stokes 
and anti-Stokes bands mirror each other but not in term of intensity at normal 
temperature. 
 
Figure 2-2 Stoke and Anti-Stokes Scattering spectra  
Adapted from Dr.Aroca’s special topic on analytic chemistry class note 
 
 
Surface-Enhanced Raman and Resonance Raman scattering 
The normal inelastic scattering is an extremely inefficient process, therefore the 
enormous success of the amplification of the optical signals attained by surface-
enhanced Raman scattering (SERS) and surface-enhanced resonance Raman scattering 
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(SERRS) [4-7] provide today powerful micro-analytical techniques due primarily to their 
high spatial resolution,[8] ultrasensitivity,[9] and high structure information content. [10,11]   
2.2  Raman Instrumentation 
Raman spectroscopy provides information about molecular vibrations that can be used 
for sample identification and quantitation.  The technique involves shining a 
monochromatic light source (i.e.laser) on a sample and detecting the scattering light.  
 n 19  , the “spectrometer” used  or the  irst recording i  the inelastic scattering o  
photons by a molecule, used filtered sunlight as the excitation source, a telescopic lens 
for the focusing optics, a color filter to block all light but the inelastically scattered 
photons (the dispersive element) and Sir Raman’s eyes as the detector. [12] 
 
Figure 2-3 Illustration of the fundamental component of a Raman spectrometer 
 
In the past several decades, advancements in optical components and detector 
technology have greatly increased the sensitivity of Raman spectrometers. In the figure 
2-3, is an illustration for a typical dispersive Raman spectrometer build in modern days. 
And the system can divide into those following areas: optics for light delivery, light 
dispersion and finally detection. Commonly, the Raman spectrometer is equipped with a 
microscope forming a micro-Raman system. A dispersive instrument has a grating in 
tune with the spectra region of interest. And finally the spatially-dispersed light is 
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focused onto a detector; nowadays a CCD (Charge Coupled Device). The Raman 
instrument in this work is shown in Figure 2-4. The Raman system is equipped with 
three lasers providing monochromatic light at 514.5 nm, 632.8 nm and 785 nm. 
 
Figure 2-4 InVia Raman Spectrometer  
A) Laser entrance and expanding optics. B) Grating C) CCD detector 
 
 
It should be pointed out that all our fluorescence and surface-enhanced fluorescence 
measurements were recorded using the micro-Raman In via instrument shown in Figure 
2-4. 
2.3 UV-Visible Absorption 
The extinction spectra of colloidal solutions and SHINs were measured with the Cary 50 
UV-Vis single beam spectrometer. It has a spectral range 190-1100 nm and it can be 
seen in Figure 2-5. 
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Figure 2-5 Cary 50 UV-Visible Spectrometer 
 
UV-Vis spectroscopy is used in our work for characterization of molecules and metal 
nanoparticles.  n particular, molecules containing π-electrons or non-bonding electrons 
(n-electrons) can be absorb the energy to higher anti-bonding molecular orbital in the 
UV-vis region of the spectra. The absorption by metal nanoparticles (plasmons) is very 
sensitive to the refractive index of the medium and clear changes can be observed after 
silica coating of silver and gold colloids. The effect is illustrated in Figure 2-6 for the 
coating of silver colloids with SiO2. 
 
Figure 2-6 UV-Vis spectrums of Ag Colloids and SHINs 
Figure made by author 
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Those UV-Vis spectra showed the detail plasmon information about the Ag colloidal 
solution before and after the silica coating. Different batches showed the UV-Vis 
absorption of SHINs were red shifted compare to colloids themselves; this is due to the 
fact that silica has different refractive index than the medium of the colloids in solution. 
2.4 Langmuir-Blodgett Trough 
Langmuir–Blodgett (LB) film methods provide the opportunity to implement molecular 
level control over the structure of organic thin films. First, a single monolayer of 
molecules is organized on a liquid surface, usually water. The monolayer of molecules 
on a liquid surface is termed a Langmuir monolayer, and after transferring it is called a 
Langmuir– Blodgett film.[13,14] LB films provide a level of control over the orientation and 
placement of molecules in the monolayer that is difficult to achieve otherwise. The 
Nima 302M Langmuir-Blodgett trough, shown in figure 2-7, is used  or the  a rication o  
the  angmuir- lodgett  ilms discussed in this thesis.  eioni ed water acquired  rom 
 illipore system (measured resistivity o  1 .     cm) at           ( otal   idizable 
Carbon) < 5 ppb. 
 
Figure 2-7 Nima 302M Langmuir-Blodgett Trough 
 
The trough device has barriers which are used to study the variation of the surface 
pressure when reducing the area. It is possible to distinguish several regions. A gaseous 
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phase which is characterized by molecules widely spaced between each other, and more 
close-packed configurations, until the monolayer just breaks. The pressure versus area 
per molecule graph taken at a given temperature is called an isotherm. Usually the 
deposition takes place at the  eginning o  the ‘solid’ phase, which is when the packing is 
very tight. So, the LB trough provides the environment which allows us prepare our 
samples in a very well controlled manner.  
The following Figure 2-8 was an example that illustrated the isothermal graph of the 
silver nanocubes at     .  
 
Figure 2-8 Isothermal graphs for the silver Nanocubes at       
Figure made by author 
 
All the dyes used e.g. (R18) are mixed with arachidic acid (AA). The Langmuir films were 
transferred to glass slides, in the z-deposition mode. 
2.5 Scanning Electron Microscopy & Atomic Force Microscopy 
Scanning Electron Microscopy (SEM) is a type of electron microscopy that produces 
image by scanning the sample through a focused beam of electrons. The types of signal 
produced by a SEM include secondary electrons (SE), back-scattered secondary 
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electrons (BSE), characteristic X-rays, light (cathodoluminescence) (CL), specimen 
current and transmitted electrons. The machine we used for all the morphology of 
nanostructure detecting is located in GLIER (The Great Lake Institute of Environment 
Research) center University of Windsor. 
 
Figure 2-9 Image of SEM 
Located in University of Windsor’s Environmental SEM facility 
 
This SEM microscopy excels at High Resolution Imaging, capable of resolution of 5 
nanometers. All images used in this thesis were obtained in BSE providing good quality 
imagery. 
Atomic force microscopy (AFM) is a very high resolution type of scanning probe 
microscopy with demonstrated resolution on the order of fractions of a nanometer, 
more than 1000 times better than the optical diffraction limit.  
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Figure 2-10 AFM Microscopy 
Located in Material and Surface Science group University of Windsor EX-B79 
 
 
 
Figure 2-11 Illustration of the principles behind AFM 
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The AFM contains of a cantilever with a sharp tip (probe) at its end that is used to scan 
the specimen surface. The cantilever is typically silicon or silicon nitride with a tip radius 
of the curvature on the order of nanometers. When the tip is brought into proximity of 
the sample surface, forces between the tip and sample lead to the deflection of the 
cantilever according the Hook’s law.  here are several  orces at play in A   depending 
on the situation, which include mechanical contact force, van der Waals forces, capillary 
forces, chemical bonding, electrostatic forces, magnetic forces, etc. Along the force, 
additional quantities may simultaneously be measured through the use of specialized 
types of the probes. 
The tapping mode was used for the work done here. In the tapping mode, the cantilever 
is operated to oscillate up and down at near its resonance frequency by a small 
piezoelectric element mounted in AFM tip. As the cantilever bounces vertically, the 
reflected laser beam is deflected in a regular pattern over a photodiode array, 
generating a sinusoidal electronic signal. The signal is converted to a room mean square 
(RMS) amplitude value, and displayed on the topmost meter located on front of our 
MultiMode base.  
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3 Wet Chemistry of Nanoparticles 
3.1 Wet Chemistry for nanostructure fabrication 
There are many different synthetic routes to metallic nanoparticles and there are 
extensive reviews on the subject[1-3]. The applications of colloidal chemistry in surface-
enhanced spectroscopy[4] has been extremely successful and there are thousands of 
reports to prove it.[5] The present work is a wet chemistry approach that revisits some of 
synthetic methods for silver and gold nanoparticles, with an extension to coating silver 
and gold nanoparticles for applications in surface-enhanced spectroscopy[6,7]. 
Before talking about the synthetic methods in detail, a brief discussion of nucleation and 
particle growth common to all wet chemistry approaches is given. A good understanding 
of the process and parameters controlling of precipitation helps to improve the 
engineering of the growth of nanoparticles to the desired size and shape.  
The chemical growth of bulk or nanometer-sized materials inevitably involves the 
process of the precipitation of a solid phase from solution. For a particular solvent, there 
is certain solubility for any given solute, whereby addition of any excess solute will result 
in precipitation and formation of nanocrystals. Thus, in the case of the nanoparticle 
formation, for the nucleation to occur, the solution must be supersaturated and then 
cooling to low temperatures or by adding the necessary reactants to produce a 
supersaturated solution during the reaction. [8] 
Generally, there are three kinds of nucleation process: Homogeneous nucleation, 
heterogeneous nucleation and secondary nucleation. Homogeneous nucleation occurs 
in the absence of the solid interface combining solute molecules to produce nuclei. 
Homogeneous nucleation happens due to the driving force of the thermodynamics 
because the supersaturated solution is energetically not stable. The overall free energy 
change ΔG is sum of the free energy due to the formation of the new volume and the 
free energy due to the new surface created. 
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In 1940s, Derjaguin, Landau, Verway, and Overbeek developed a theory which dealt 
with colloidal stability, also known as DLVO theory. It says that the stability of a colloidal 
system is determined by the sum of the electrical double layer repulsive and van der 
Waals attractive forces which the particles experience as they approach one another. 
 
Figure 3-1 DLVO Theory 
Adapted from www.substech.com No permission required 
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This theory describes the force between charged surfaces interacting through a liquid 
medium. It combines the effects of the van der Waals attraction and the electrostatic 
repulsion due to the so called double layer of the counterions.[9] 
The van der Waals force is actually the total name of the dipole-dipole force, dipole-
induced dipole force and dispersion force,[9] in which dispersion forces are the most 
important part because they are always present in colloidal system. Assume the pair 
potential between two atoms or small molecules is purely attractive and of the form 
  
  
  
 , where c is a constant for interaction energy and n=6 for van der Waals 
attraction.[10] The electrostatic part of the DLVO interaction is computed in the mean 
field approximation in the limit of law surface potentials – that is when the potential 
energy of an elementary charge on surface is much smaller than the thermal energy 
scale KBT. 
 
Figure 3-2 Nucleation and Colloids formation by different van der Waals and Electrostatic force 
Figure made by author 
 
The relation between van der Waals and electrostatic force to form the nucleation and 
colloidal nanoparticle process is shown in Figure 3-2. As can be seen in this figure, when 
van der Waals force absolutely overcome the electrostatic force, nucleation favor to 
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happen and driving the supersaturated solution to form more and more nucleation due 
to those supersaturated solution are thermodynamically unstable. The growth step was 
followed the nucleation and the dominant force will determine the particle size. 
Particles keep growing as long as van der Waals force is larger than electrostatic force. 
Step 3 shows particle size is relative larger than step 2, which means at that stage, 
electrostatic force was relative as same as van der Waals, so they are very close to reach 
the equilibrium. At final step, the electrostatic force was dominant the van der Waals, 
precipitated species form and the colloidal solution reach the final equilibrium. 
Unfortunately, DLVO theory did not explain the observed instability of colloidal 
dispersions against irreversible aggregation in solution of high ionic strength.[9] In this 
thesis, mainly by trial and error, we carry out work to show the stability of SHINs to be 
used in SHINEF and SHINERS experiments, and to compare several different synthetic 
methods to fabricate silver and gold colloidal nanoparticle.  
3.2 Synthesis of metal colloids  
In this thesis, several synthetic methods of metal colloids are revisited to tune the 
experimental conditions and fabricate, in some cases, more homogeneous distributions 
of nanostructures. In addition the stability of the colloidal solutions was tested out, and 
in all cases the capability to coat them with SiO2. Typically, during the synthesis of metal 
colloids, nanoparticles of different shapes such as nanowire, nanotriangle, nanocube 
and spherical particles are found. The latter is illustrated in Figure 3-3 with a SEM image 
of a silver colloid. 
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Figure 3-3 SEM Image of mixed silver nanostructure 
(Back Scattering Electrons-Image made by Wenhao Chen) 
 
The following synthetic methods have been tested in this work.  
3.2.1 Lee and Meisel sodium citrate reduction method  
In 1982, Lee and Meisel applied this sodium citrated reduction method to gold and silver 
nanoparticles [11]. Following this synthetic method, 90mg AgNO3 are dissolved in 500ml 
Mill-Q water and brought to boiling. A solution of 1% sodium citrate (10ml) is added. 
The solution is kept boiling for ca. 1 hour. The plasmon extinction spectrum of the silver 
colloids is shown in Figure 3-4   
20 
 
 
Figure 3-4 The plasmon extinction spectrum of the silver colloids & silver SHINs 
 
The following steps to the synthesis method describe above is the attempt to apply 
silica coating to the metal nanoparticle to form stable Shell Isolated Nanoparticles 
(SHINs)[12], to be used in  surface enhanced fluorescence or SHINEF[13]. 
The coating recipe is as follows: 30ml APTMS (1%) solution add to above colloids, 
stirring for 15mins then 90 ml 0.54% sodium silicate solution add to the mixture (PH≈ 
10.5), keep stirring for 2 hours at 100 . The plasmon extinction spectrum of the SHINs 
is also shown in Figure 3-4  
 
3.2.2 Leopold and Lendl hydroxylamine hydrochloride reduction method 
 
In 2003, Leopold and Lendl proposed a new synthetic approach to prepare silver colloids 
at room temperature. Hydroxylamine solution 1.5×10-3 M (45ml) is added to the beaker 
and droplets of a 1M NaOH solution to adjust the hydroxylamine solution to pH 10. 
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Then, 1×10-2 M (1mL) AgNO3 solution is added dropwise and it is stirred for 25 minutes. 
The plasmon extinction spectrum of the silver colloids is shown in Figure 3-5  
 
Figure 3-5 The plasmon extinction spectrum of the silver colloids 
 
Figure 3-6 SEM image of TPM-coated silver nanoparticles 
Image made by Ariel Guerrero 
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The coating protocol is as follows: 2mL of the silver nanoparticles solution described 
above were added into 8mL ethanol, then we adjusted the pH back to 10 with the same 
NaOH solution, and then we added 10µL of TEOS to the mixture. Furthermore, a TPM  3-
(Trimethoxysilyl)propyl methacrylate solution (Sigma Aldrich 98% original solution 
without any dilution) is applied on top of the TEOS solution, 1µL TPM coating solution is 
added showing very stable and homogeneous coating. The SEM of coated nanoparticles 
is shown in Figure 3-6  
The idea to apply an extra layer of coating is taken from Liz-Marzan’s work[14], in that 
report, 100 ml Stöber method gold colloids were dispersed 400ml ethanol solution, and 
0.3ml of TEOS and 2ml of ammonia were also added. The solution is allowed to stand for 
12 hours under mild magnetic stirring. They concluded that if the particles are dispersed 
in low-polarity solvents, they can be coated with second silane coupling agent, such as 
TPM. The original ideas were applied to gold colloidal particles. Since we are interested 
silver for SHINEF applications, it was worth to test the procedure for silver.  We 
performed the experiment with a small modification as follow: dispersed coated silver 
colloidal particles into ethanol solvent and adjusted pH to 10. Both TEOS & TPM are 
applied to the mixed alcohol solution; it does give us the stable and strong double 
layered silica coating.  See Figure 3-6. The TEOS and TPM amount is determined by the 
formula provide in the paper[14]. Briefly, the TEOS & TPM amount are 0.1% and 0.01% of 
the total alcohol solution respectively; these ratios are used in all the work done in our 
group with the double layer coating procedure. 
3-(Trimethoxysilyl)propyl methacrylate has been used to develop an effective method 
for synthesizing magnetite/polymer colloidal composite microspheres with controllable 
variations in size and shape of the nanostructures and desirable interfacial chemical 
functionalities. Some studies regarding surface charge of TPM coated  Stöber  silica 
colloids have been done by other groups[15] TPM reacts with surface silanol groups to 
remove the surface charge. This coating nearly index matched (refractive index match,  
TEOS & TPM refractive indexes are 1.382 and 1.431 respectively  while the ethanol 
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refractive index is 1.360) the colloidal silica leading to optically homogeneous particles. 
The index matching also eliminates any attractive dispersion force, leaving a clear 
dispersion of stable, near hard sphere particles. Hard sphere colloidal dispersions are a 
reference model system for both thermodynamic and rheological properties of colloidal 
suspensions. 
According to other groups work[16,17] and our group’s own experience[12], both coating 
methods should be easy applied and in theory they should both be working well. The 
reason we applied different coating protocols to two different methods colloids is due 
to the synthesis parameter, temperature. In Lee and Meisel silver colloidal particles, 
heat is used and solvent is boiling during the synthesis. However, Leopold and Lendl 
silver method colloids only work under room temperature; those temperature gaps will 
favor the following coating procedure to match the initial condition of colloidal particles 
itself. Both coating methods show very similar shelf time an indication that both 
methods are good. We also did some cross reference coating: Lee and Meisel heat up 
colloids were dispersed into ethanol after cooling down and coated with TEOS. It works 
but not vice versa. If we heat up the Leopold and Lendl silver method colloids, the 
colloids collapse before the coating step. 
Table 3.2-1 Summary of synthetic methods for Ag nanoparticles 
 
 
Lee and Meisel sodium citrate 
reduction method 
Leopold and Lendl hydroxylamine 
hydrochloride reduction method 
Colloids 
Synthesis 
method 
90mg AgNO3 was dissolved in 
500ml Mill-Q water and 
brought to boiling. A solution 
of 1% sodium citrate (10ml) 
was added. The solution was 
kept on boiling for ca. 1 hour. 
 
Hydroxylamine solution 1.5×10-3 
M (45ml) was added to the beaker 
and droplets of a 1M NaOH 
solution to adjust the 
hydroxylamine solution to pH 10. 
Then, 1×10-2 M (1mL) AgNO3 
solution was added dropwise and 
it was stirred for 25 minutes. 
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Coating 
method 
30ml APTMS (1%) solution add 
to above colloids, stirring for 
15mins then 90 ml 0.54% 
sodium silicate solution add to 
the mixture (pH≈ 10.5), keep 
stirring for 2 hours at 100  
2mL of the silver nanoparticles 
solution described above were 
added into 6mL ethanol, then we 
adjusted the pH back to 10 with 
the same NaOH solution, and then 
we added 4µL of TEOS to the 
mixture. We also applied the TPM 
solution , 0.4 µL on top of the 
above coating solution to attain 
very stable and homogeneous 
coating 
Coating solvent Water Ethanol 
Thickness of 
the coating 
15nm (approximate by SEM 
image have to be exact 
determined by TEM) 
20nm (SEM shows thick than Lee 
& Miesel) have to be determined 
by TEM examination 
Total synthesis 
time needed 
2hrs for colloids and 2 &1/2 
hrs for coating plus 2 hours for 
centrifugation total hours 
need for this method 
(≈ 7 hours for one lot ) 
30mins for colloids and 2 hours 
for ethanol spreading process and 
45mins for TPM solution plus 2 
hours for centrifugation 
(≈  .  hours  or one lot) 
Successful Rate Not 100% success rate , 
approximate success rate is 
90% (more quantitative test 
have to be done to find exact 
percentage) 
Not 100% success rate , 
approximate success rate is 95% 
(more quantitative test have to be 
done to find exact percentage) 
Coating Aging Longest one (tested 
experience) is good for 7 days 
(SEM view) 
Longest one (tested experience) is 
good for 21 days (3wks under 
SEM view ) 
 
TPM definitely plays an important role due to the second layer of coating. It removes 
the first silica coating charges and leads particles with more stable and longer shelf time.  
 
3.3 The synthesis of homogeneous silver nanoparticles 
AgNO3 and tetraethylorthosilicate (TEOS, 98%); Tannic acid and sodium citrate tribasic 
(99.0% ACS Reagent), were purchased from Sigma-Aldrich and used without further 
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purification. HPLC ethanol is used as solvent before coating the silica. All glassware was 
cleaned using aqua regia (HCl:HNO3 3:1 in volume) and rinsed with abundant Milli-Q 
water and acetone.  
The synthesis of silver particles with a high degree of homogeneity was carried out 
according to Dadosh[18]: 20ml of 6.8 mM aqueous solution of tri-sodium citrate, 
containing increasing amount of tannic acid (1.8 uM, 7.5 uM and 15 uM), is heated to 60 
°C and added with vigorous stirring to 80ml of 0.74 mM AgNO3 pre-heated to 60 °C. The 
mixture was kept at 60 °C for 3 minutes, or until its color turned yellow, boiled for 20 
minutes, cooled down to room temperature and stored in a dark bottle at 4 °C. (See 
Figure)   For specific size nanoparticles shown in Table 3.3.1, the synthesis method is as 
follow: 18mg of AgNO3 dissolve into 80ml Milli-Q water and under vigorous stirring. 
Another 20ml solution is prepared containing 1.60mg and 62.93mg of Tannic acid (47 
uM) and citrate (12.2uM) respectively  or “ ” particles. Same   ml solution which 
contains 49.66 mg and 62.93 mg of Tannic acid (1460 uM) and citrate (12.2uM) 
respectively  or “ ” particles and 37.76mg and 8.77 mg of tannic acid (1110 uM) and 
citrate (1.7 uM) respectively  or “E” particles respectively.  Keep all the solution at 6  °C 
for 5 minutes, then solution is brought to a boiling for 20 minutes. Different amounts of 
tannic acid and citrate ratio give different size of nanoparticles size is shown in Table 
3.3-1. 
Table 3.3-1 Characterization data and reagent concentrations for Tannic Ag 
nanoparticles with different wavelength UV-vis absorption 
 B D E 
Citrate (mM) 12.2 12.2 1.70 
Tannic Acid (uM) 47 1460 1110 
λmax (nm) 398 433 473 
 
Tannic Acid is a type of polyphenol. It is a weak acid which pKa is around 10 due to the 
numerous phenol groups in the structure. In this method of synthesis, the major 
contribution of the tannic acid is not only as a reducing but also as a ligand (through 
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gallic acid monomer) for silver atoms. As the tannic acid concentration is lowered, the 
average number of silver atoms per tannic acid molecule increases, favoring nucleation 
over growth. Conversely, as the ratio is shifted to fewer silver atoms per tannic acid, the 
nucleation rate between silver atoms is lowered. By tuning both citrate and tannic acid 
concentrations, it is possible to obtain silver nanoparticles with specific sizes in a 
reproducible fashion. 
The coating procedure is as follows: tannic acid colloids synthesis are based on Graf et 
al[19]method, but the coating methods were adapted from our previous work(see Table 
3.2-1): We took 25ml of the silver colloids from B,D,E final 100ml colloidal solution 
respectively(see Table 3.3-1). Each sample was dispersed into 100ml of anhydrous 
ethanol and added 40ul of TEOS. After 5 minutes, 1ml NH4OH (saturated aqueous 28%-
30%) was added. Three SHINs solutions were left to react for 24 Hours at 30 °C under 
stirring. They were centrifuged three times (14,000RCF 20minutes) and dispersed into 
anhydrous ethanol for applications. 
 
 
Figure 3-7UV-vis absorbance of tannic silver particles before and after coating 
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Figure 3-8 Uv absorption of different coating time for Tannic acid Ag SHIN 
 
Figure 3-9 SEM images shows the different silica coating under different coating time frame 
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3.4 Synthesis of gold nanoparticles 
Gold colloids particles were synthesized adapting the method described by Li et al.[20] 
The gold core was synthesized by gold citrate reduction of tetrachloroauric acid (HAuCl4) 
based upon existing protocols. 100 mL of 0.01% HAuCl4 solution was brought to boiling. 
A solution of 1% sodium citrate (2000 µL) was added. Boiling was continued for 10 
minutes and then removed from heat, while the stirring was continued for 15 minutes. 
Later, to produce the silica coating, to the resulting solution adjusted pH to 10.5 first 
then we added 6 mL of a 1 mM aqueous solution of 3-aminopropyl-trimethoxysilane 
(APTMS) under vigorous stirring, and then allowed to stand. The resulting solution was 
heated in a sand bath to a temperature between 90-95°C; when reaching this range, we 
added 18 mL of activated 0.54% aqueous sodium silicate solution to get the silica 
coating, then allowed the solution to stand at this temperature for 2 hours and let cool 
down. The samples were centrifuged at 12000 rpm for 7 minutes, recovering the 
sediment. The volume of final sediment is only 2ml. 
 
Figure 3-10 Uv Absorbance spectrum of Citrate-Reduced Gold nanoparticles and Gold SHINs 
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Those gold colloids and SHINs were used and tested out in chapter five, light stability 
and aggregation experiment. The procedure was adapted by using our groups recipe.[12] 
In chapter three, several methods of synthesis of metallic nanostructures are discussed. 
All the synthetic methods for colloidal silver and gold were based on existing literature 
reports. However, the coating procedures where adapted to produce variable shell 
thickness, according to potential applications. The silicates coating may precipitate 
these metals out of solution and render them insoluble and non-reactive forms. The 
silicate coating will dramatically increase the life time of gold and silver metallic 
nanoparticles. Usually the gold and silver colloids without coating will collapse in 
months, but with the silicate coating it is good up to three years from the day coated 
and still excellent for SHINEF application[21] 
 
Figure 3-11 SEM of 3 years apart of Au SHIN 
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4 Chapter Four 
Using SHINERS and SHINEF to confirm the local field enhancement 
determined with shell-isolated silver nanoparticles and cubes 
 
The research results presented in this chapter have been, in part without cu e’s data, 
published in the journal Small in October 2012.† 
4.1 Introduction 
The plasmonic enhancement of fluorescence and scattering involves the same 
enhancement mechanism[1] which is governed by the local field enhancements in 
nanostructures sustaining localized surface plasmon resonances (LSPR)[2-4] It is the 
localized field enhancement that is responsible for surface-enhanced spectroscopic 
processes such as SERS[5] and SHINERS[6]; SEF[7,8] and SHINEF[9]. As was first pointed out 
by Kerker et al.[10] the Raman benefits from both the enhancement of the incident and 
scattered fields, and the enhancement factor for nanospheres is approximately equal to 
the forth power of the enhanced local field. A complete discussion of this approximation 
can be found in Le Ru and Etchegoin report[11] . 
When 0E  is the incident field and locE the enhanced local field, their ratio leads to a 
local enhancement factor
0
locEE
E
 .  For Raman scattering the total enhancement is 
approximately given by:
4
4
0
locEE
E
 ,  enhancement of the incident and scattered 
fields[1]. 
However, surface enhanced fluorescence (SEF) can only benefits from the enhancement 
of the incident field and should be proportional to
2
2
0
locEE
E
 , with EFs (commonly up 
to 102) much modest compare to SERS. Experimentally, a direct comparison between 
                                                     
†
 ©2012 John Wiley and Sons, used with permission 
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these EFs is not possible for molecules directly adsorbed onto metallic nanostructures 
due to the “ irst layer” e  ects: a) the chemical interaction o  the molecule with the 
metal nanoparticle may change the nature of the adsorbate (formation of surface 
complex) giving a different vibrational Raman signature. b) In the case of SEF, 
fluorescence quenching becomes overriding for such small distances and the particle 
surface is well approximated by a plane boundary[12].  
According to the electromagnetic interpretation, for a metal sphere of radius r the SERS 
enhancement is approximately given by[2,13,14]; 
 
And the maximum EF should be achieved at 0d  . On the other hand at 0d 
maximum quenching would occur.  Therefore, for comparison, the local field 
enhancement may be extracted from SERS and SEF at a certain distance 0d  . For a 
molecule at a distance d from the sphere surface, the electric field amplitude should 
decay as
3
r
r d
 
 
 
. The average intensity EFs should therefore decay as
6
r
r d
 
 
 
 and 
SERS EFs as
12
r
r d
 
 
 
. However, since r d  the decay is not as dramatic as it seems, 
and the EM enhancements are long-range effects. The SERS distance dependence has 
been experimentally confirmed many times[6] and supports the electromagnetic 
mechanism, where the enhancements results from the amplification of the incident and 
radiated field[1] for frequencies close to the plasmon envelope. However, the distance 
dependence of SEF, as discussed by Gertsen and Nitzan[7], depends on the contribution 
of three factors: enhanced absorption, energy transfer the metal  and enhancement of 
the reradiated emission frequencies. The introduction of shell-isolated  nanoparticles 
(SHINs)[6,9], one could compare the local field enhancement at a fixed distance (greater 
than 5 nm)[15] from the metal surface with measurements carried out in the far field. 
Therefore, since the distance dependence of the enhanced local field intensity is the 
same  or  oth SERS and SE , eliminating the “ irst layer e  ects” that may dramatically 
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change the corresponding spectra, and providing an appropriate molecule metal 
separation, it would be possible to extract, the local field factor E common to these 
two enhancements; SHINERS and SHINEF, measured in the far field. The next step is to 
find a molecule that would simultaneously render SHINERS and SHINEF in the same 
spectrum, providing the ideal conditions for direct comparison. The used of shell-
isolated nanoparticles (SHIN) guarantee a separation between the target molecule and 
the metal surface. In addition, the work should be carried out in solution to ensure the 
measurements of average quantities.  
First we extend our previous work on gold-SHINs introducing the fabrication of shell 
isolated silver nanoparticles (Ag-SHINs). To explore the evaluation of the E factor, we 
choose crystal violet (CV) and ethyl violet (EV) molecules, which have a low quantum 
yield, allowing the Raman and the fluorescence to be observed in the same spectrum by 
selecting the appropriate laser line (see Figure 4.1). Therefore, with Ag-SHINs, the 
plasmon enhanced vi rational Raman is o served “unpertur ed”  rom the re erence 
spectrum in solution and the SHINEF is collected for molecules located outside the zone 
of strong quenching or dramatic changes in the lifetime. In addition, by working in 
solution we are measuring reproducible average properties. The second set of 
nanoparticles is silver nanocubes shown in Figure 4.1-2. 
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Figure 4-1  Absorption spectra of the silver particles, and absorption and fluorescence of the CV dye. 
before (λmax = 4  nm) and after (λmax = 417 nm) coating, along with the absorption (λmax = 590nm) and normal 
fluorescence spectra (λmax = 644 nm) in aqueous solution of CV and the laser line excitation at 514.5 nm. Inset: 
scanning electron microscopy (SEM) and transmission electron microscopy (TEM) image of the coated particles. The 
bar in the images represents 100nm. 
 
 
Figure 4-2 Absorption spectrum and SEM morphology of Ag Cubes 
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4.2 Materials and Methods 
 
Ag Spherical-SHINs: AgNO3 and tetraethylorthosilicate (TEOS, 98%) were purchased 
from Sigma-Aldrich and used without further purification. Crystal violet (CV) was 
purchased from Fisher Scientific and Octadecyl Rhodamine B (R18) was obtained from 
Invitrogen. Unless otherwise specified, solutions are aqueous and the water employed is 
Milli-Q quality (1 .  Ω·cm). All glassware was cleaned using aqua regia (H l:H  3 3:1 
in volume) and rinsed with abundant Milli-Q water. The core silver colloids were 
prepared according to the method of Leopold and Lendl[16] by reduction of silver nitrate 
with hydroxylamine at alkaline pH. Briefly, hydroxylamine solution 1.5×10-3 M (45ml) 
was added to the beaker and droplets of a 1M NaOH solution to adjust the 
hydroxylamine solution to pH 10. Then, 1×10-2 M (1mL) AgNO3 solution was added 
dropwise and it was stirred for 25 minutes. To coat the silver colloids we followed the 
procedure reported by Wang et al.[17] with minor modifications. Briefly, 2mL of the silver 
nanoparticles solution described above were added into 6mL ethanol, then we adjusted 
the pH back to 10 with the same NaOH solution, and then we added 4µL of TEOS to the 
mixture. The mixture was let sit at room temperature for 1 hour then centrifugation at 
11000 rpm for 7 minutes, to concentrate the particles. SEM images were taken with a 
FEI Quanta 200 Environmental scanning electron microscope equipped with an 
Everhart-Thornley secondary electron detector and a solid state backscattering 
detector. TEM images were obtained with a high resolution TEM instrument FEI Titan 
80-300.  
Langmuir monolayers of Octadecylrhodamine B dye (R18) mixtures with arachidic acid 
(n-eicosanoic acid) were prepared at the air-water interface of a Nima film balance 
(model 302M) with a Wilhelmy plate sensor and dimensions 414×70 mm2.  We spread a 
solution in dichloromethane containing one part of the dye and 10 of arachidic acid on 
the surface of a Milli-Q water subphase.  The Langmuir film was left for 30 minutes to 
ensure a complete evaporation of the solvent. The film was then compressed by a 
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couple of moving barriers at a speed of 10 cm2/min. The Langmuir film is deposited onto 
a quartz slide under constant pressure to form the Langmuir-Blodgett (LB) film for 
SHINEF experiments. The slides were cleaned using Piranha solution (7:3 mixtures of 
sulfuric acid and hydrogen peroxide). UV-visible absorption spectra were recorded 
employing a Cary 50 scan UV-visible spectrophotometer. All fluorescence experiments 
were conducted using a micro-Raman Renishaw in Via system, with laser excitation at 
514.5 and ca. 20 µW at the sample. All measurements were made in a backscattering 
geometry, using either a 20x microscope objective probing an area of ca. 5 µm², or a 
macro objective with an adapter for measurement in quartz cuvettes. 2D mapping 
results were collected through the rastering of a computer controlled 3-axis encoded 
(XYZ) motorized stage, with a step of 5 µm. For the solution measurements, the 
concentration of CV was always 1.2×10-5 M, with a total of 1 mL being measured. We 
used increasing amounts of the concentrated nanoparticle (SHINs) solution until 
achieving a maximum SHINEF signal. For the enhancement factor calculations, we fit the 
Raman and fluorescence bands using the peak fitting function of the GRAMS program 
(Thermo Galactic Inc.), using one Gaussian curve for the Raman peaks and two for the 
fluorescence peaks, having previously done baseline and offset corrections. 
Ag Cubes: AgNO3 and tetraethylorthosilicate (TEOS, 98%) were purchased from Sigma-
Aldrich and used without further purification. Crystal violet (CV) was purchased from 
Fisher Scientific and Octadecyl Rhodamine B (R18) was obtained from Invitrogen. 
Solvent are Ethylene Glycol. All glassware was cleaned using aqua regia (HCl:HNO3 3:1 in 
volume) and rinsed with abundant Milli-Q water and acetone. The silver nanocube were 
prepared according to the methods of Xia[18,19] by reduction of silver nitrate with 
ethylene glycol. Briefly, Ethylene glycol was heated for 1hour before adding the 1.5:1 EG 
solution with PVP and AgNO3 simultaneously. We capped the flask while it is heating up.   
To coat the silver colloids we followed the procedure reported by Wang et al.[17] with 
minor modifications. Briefly, 2mL of the silver nanoparticles solution described above 
were added into 8mL ethanol and then we added 4µL of TEOS to the mixture, and finally 
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add 0.4µL of TPM to the mixture to complete the coating. SEM images were taken with 
a FEI Quanta 200 Environmental scanning electron microscope equipped with an 
Everhart-Thornley secondary electron detector and a solid state backscattering 
detector.  
4.3 Result and Discussion 
 
Ag Spherical-SHINs: The plasmon absorption spectra of the silver SHINs before and 
after coating are shown in Figure 4-1, where the insets illustrate SEM and TEM images 
for the Ag-SHINs. Absorption peaks are due to the plasmon of the nanoparticles. The 
redshift of the absorption peak from 400 to 417 nm is consistent with new dielectric 
medium due to the silica coating. Electron microscopy images show particles deviating 
slightly from the spherical shape, to varying degrees of modification of the aspect ratio, 
but always within 50-80 nm in diameter. SEM images clearly show that the particles are 
coated with silica. The TEM images confirm the SEM results for the silver cores with 
homogeneous silica coating around the silver nanoparticles, giving a shell thickness of 
approximately 6 nm in average. 
Newly synthesized silver SHINs were first tested for SHINEF in conditions similar to our 
previous work.[20,21] Namely, drops of the Ag-SHIN solution nanoparticles are casted 
onto a Langmuir-Blodgett film of R18 formed on a glass slide. The reference 
fluorescence and the SHINEF are shown in Figure 4-3, resulting in a maximum EF of 94, 
for SHINEF. Since casting does not provide a homogenous spreading, the EF varies on 
different sections of the LB films covered with Ag-SHINs, and 94 is an upper cotta. Given 
that R18 has a high quantum yield, the strong fluorescence signal (SHINEF) does not 
allow seeing SHINERS for R18. 
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Figure 4-3 SHINEF of R18: Arachidic 1:10 mixed LB film 
Using our silver SHINs and showing the maximum EF of 94. 
 
 
Figure 4-4 Combined SHINERS and SHINEF spectra  
For an aqueous solution of CV and comparison with normal Raman and fluorescence spectra 
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Enhancement factor ratio: The absorption and normal fluorescence of CV in 
aqueous solution, with a maximum absorbance peak at  9  nm and a “mirror image” 
fluorescence peak at 644 nm can be seen in Figure 4-1.  As it has been reported, the 
absorbance peak of CV shows a shoulder at around 550 which has been recently 
explained in terms of splitting of the E-symmetry of optically active states in polar 
solvents [22]. The same experimental procedure was followed for all measurements in 
solution: a volume of the CV solution was first measured (reference), and then aliquots 
of the Ag-SHIN solution were added until a plateau of enhancement was achieved. The 
Raman scattering and fluorescence spectra of CV solutions with and without SHINs are 
illustrated in Figure 4-4. The advantage of exciting with the 514.5 nm laser line is that 
 V’s low quantum yield (~ ×1 -5 in water)[23-25] allows the observation of both Raman 
scattering and fluorescence in the same spectrum. There is a spectral window to 
observe the normal Raman and SHINERS spectra between 514.5 nm and 600 nm (19436 
cm-1 and 16436 cm-1), after that the fluorescence or SHINEF spectra are recorded. At this 
point the Raman scattering of water in these aqueous solutions is prominent and 
interferes with the measurement at the beginning of the fluorescence bands, therefore 
it was removed from Figure 4-4 by spectral subtraction using the GRAMS software. The 
normal Raman spectrum of CV shows all the corresponding bands of CV as previously 
investigated,[22,26] which also agree very well with theoretical calculations. The SHINERS 
spectrum does not show any significant modifications when compared to normal Raman 
spectrum. In the same manner, the fluorescence spectrum of CV shows a broad 
asymmetric peak with a maximum at ~650 nm with a FWHM of 119 nm, while the 
SHINEF spectrum shows a maximum at 670 nm with a FWHM of 106 nm. The EF 
calculations were obtained by dividing the integrated areas under the vibrational band 
at 1374 cm-1 in SHINERS over regular Raman, and similarly the integrated SHINEF band 
over that of the unenhanced fluorescence. The integration is performed using a 
Gaussian fit to the experimental spectra. Taking the fourth root of the SHINERS EF and 
the square root of the SHINEF EF yields similar numbers: 2.48 and 2.44 respectively as 
shown in Figure 4-5, which corresponds to the local field enhancement factor E . 
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Notably, separate measurements of SHINERS and SHINEF with increasing concentrations 
of Ag-SHINs in solution produce their own field enhancement factor E in keeping with 
the E2/E4 relationship with minor differences well within the experimental error. The 
experiments were revisited many times under different conditions to reproducible 
obtain the same local enhancement factor for SHINERS and SHINEF.  The results are for 
experiments carried out in solution, a state that avoids clustering of nanoparticles and 
plasmon coupling, and a correspondingly large variation in the local field enhancement. 
The averaging in the solution measurements helps to obtain reproducible results in the 
far field that appear to reflect the local field enhancement at the Ag-SHINs. When 
casting the CV solutions, including the SHINs, over a quartz slide both SHINERS and 
SHINEF are also observed. However, the evaluation of the EF is complicated due to the 
lack of good reference spectra.  
 
Figure 4-5 Theoretical fits and EF calculations for both SHINERS and SHINEF. 
The result proves the known E
2
/E
4
 relationship for SEF/SERS enhancement factors. 
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SHINEF with silver cubes: 
The same experimental procedure is followed by all measurements in solution: a 
volume of the CV and EV solution is first measured (reference), and then aliquots of the 
Ag-Cube solution are added until a plateau of enhancement is achieved. The 
fluorescence spectra of CV solutions with different concentration Cubes are also 
illustrated in Figure 4-6. The experiments were carried out with both PVP coated silver 
nanocubes and with silver nanocubes with silica coating in solution, the SHINER and 
SHINEF spectra where observed for both cases. 
 
 
Figure 4-6 Fluorescence spectrum of crystal violet solution and SHINEF with silver nanocubes 
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Figure 4-7 SHINERS and SHINEF of CV with PVP coated silver Nanocubes. 
This PVP coating is a very thin layer, and correspondingly, (see Figure 4-7), the SHINER 
part got more enhanced than the SHINEF part, due to partial quenching of fluorescence. 
This is the basis for SHINERS in the work of Li et al.[6]  The same effect is observed for 
ethyl violet as can be seen in Figure 4-8. 
 
Figure 4-8 Fluorescence spectrum of ethyl violet solution and SHINEF with silver nanocubes 
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Figure 4-9 SEM of coated Silver Nanocube  
Estimate coating thickness 6-8nm 
 
 
Figure 4-10 Ethyl violet with silver nanocubes data and relationship of E
4 
/ E
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When the silver nanocubes are farther coated with silicate and TPM (see figure 4-9) the 
coating thickness is estimated to be at least 6 to 8 nm, the SHINERS and SHINEF 
intensities comply with the E4/E2 relationship, as can be seen in Figure 4-10, when the 
amount of Ag-cubes is increased, the fluorescence decreases because of reabsorption of 
photons by the silver nanocubes. The max enhancement factor happened when 50µL 
Ag-nanocubes were added into CV & EV in Figures 4-6 and 4-8 respectively.  
4.4 Conclusions 
 
In conclusion, simultaneous recording of SHINERS and SHINEF for a low quantum yield 
molecule and experimental measurements in solution provide direct evidence for a local 
field enhancement factor E  that in the far field gives surface enhanced fluorescence 
proportional to
2
E , and surface enhanced Raman scattering proportional to
4
E . The 
experiments, which use silver Nanocubes with extra thin coating (PVP coating) and silver 
nanocubes with silica coating (ca. 8nm), show that the E4/E2 relationship is observed 
only after the coating is thick enough to neglect the fluorescence quenching. 
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5 Chapter Five 
Stability and applications of shell-isolated nanoparticles -SHINs 
5.1 SHINEF Comparison 
In the last part of this project we study specific properties of the SHINs nanostructures, 
in particular the stability of SHINs, applications in SHINEF experiments and most 
importantly the effect of SHINs aggregation in solution on the enhancement of 
fluorescence of fluorophores with different quantum yields. 
The syntheses of the nanoparticles used here have been discussed in chapter 3. Citrate-
reduced silver nanoparticles material and synthesis method (see chapter 3.2 on page 
32) and tannic acid –reduced silver nanoparticles material and synthesis method (see 
chapter 3.3 on page 38). 
In the first set of experiments it was of interest to compare the SHINEF of silver SHINs 
with a broad distribution of core sizes and shapes (citrate reduction), with Ag-SHINs 
with a narrow distribution of core sizes (citrate-tannic acid reduction). The SHINEF 
results for SHINs casted onto a single LB monolayer are presented in Figures 5-1 and 5-2. 
 
Figure 5-1 Enhancement factor for Tannic acid-reduced SHINs 
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Figure 5-2 Enhancement factor for Citrate-reduced SHINs 
Both Ag-SHIN solutions are casted onto a Langmuir-Blodgett film of R18 formed on a 
glass. Under same experiment condition (which means same laser line and same laser 
power and working with the same R18 monolayer on glass substrate), Tannic acid–
reduced silver SHINs give more enhancement than the citrate-reduced silver 
nanoparticles due to their homogeneity. The plasmon of the tannic Ag-SHINs is found at 
477 nm, while the center of the plasmon for citrate reduced Ag-SHINs is at 448 nm.  
Therefore the tannic Ag-SHINs have a plasmon better tuned to the R18 emission at ca. 
580 nm. The latter could explained the results[1], since a requirement for good 
enhancement factors is the matching of molecular emission and plasmon frequencies 
for readiative contribution to SHINEF[2].  Since the experiments are carried out on solid 
surfaces, and casting induces aggregation, one cannot discard the effect of newly 
formed aggregates of Ag-SHINs on the surface that may also contribute to the observed 
differences.  
5.2 Light stability test 
Silver nanoparticles have unique electronic and optical properties. Hence, they have 
been used in a broad range of applications, including catalysis, biological labeling, 
electronic devices and surface-enhanced spectroscopy. All applications require highly 
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homogeneous and stable metal nanoparticles; therefore, a wet chemistry protocol to 
produce nanoparticles with a high degree of homogeneity and stability is extremely 
important. The synthesis of metal nanoparticles with uniform and specific shapes and 
sizes was already described in Chapter 3.  This goal can be achieved using different wet 
chemistry, approaches to.[2-8] Here we study the stability of silver and gold colloidal 
solutions follow by their aggregation with ions.  et’s  irst review the colloid’s sta ility 
concept through the DLVO theory[9]. The theory proposes that an energy barrier 
resulting from the repulsive force prevents two particles approaching one another and 
adhering together; but if the particles collide with sufficient energy to overcome that 
barrier, the attractive force will pull them into contact where they adhere strongly 
together. 
 
Figure 5-3 Double Layer Effect of colloids system 
Adapted from Dr Arocas colloids instability lecture 
 
The electrical double layer is a structure that appears on the surface of an object when it 
is exposed to a fluid. The double layer refers to two parallel layers of charge surrounding 
object. The first layer, the surface charge (either positive or negative), comprises ions 
adsorbed onto the object due to chemical interactions. The second layer is composed of 
ions attracted to the surface charge via the Coulomb force, electrically screening the 
first layer. This second layer is loosely associated with the object. It is made of free ions 
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that move in the fluids under the influence of electric attraction and thermal motion 
rather than  eing  irmly anchored.  t is thus called the “di  use layer”. 
The double layer is most apparent in system with large surface area to volume ratio, 
such as colloid system which contains particles or pores on the scale of micrometers to 
nanometers. The double layer also plays a fundamental role in many everyday 
substances. For example, milk exists only because fat droplets are covered with a double 
layer that prevents their coagulation into butter. 
The visible region of the light is important common factor to the nanoparticles 
stabilities. In a series of experiments gold and silver nanoparticles were exposed to 
monochromatic light in the 600 nm and 60 mW. A summary of the results for silver and 
gold colloids are presented in Figures 5-4 and 5-5 Gold colloids syntheses see chapter 
3.4 (page 42) and silver colloids is synthesized by citrated-reduction method. Chapter 
3.2 (page 32). 
 
Figure 5-4 Gold colloids light sensitivity test 
Under 600nm narrow wavelength band of visible light 60mW 
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Figure 5-5 Silver colloids light sensitivity test 
Under 600nm narrow wavelength band of visible light 60mW 
 
Both colloids are to some extent stable under the light stability test. After 16 hours 
visible light 60mW, both UV-visible absorbance intensities decreased. We revisited the 
light stability and confirm that gold colloids are much more stable than the silver 
colloids. Gold colloids only decreased their intensity by 1.52% but 46.8% did by silver. 
The results are important, and should be taken into account during coating procedures 
avoiding light exposure of the colloidal solution. 
5.3 SHIN aggregation 
The accumulated experience in SERS spectroscopy, and in particular colloidal SERS, 
shows that in order to attain large enhancement factors it is necessary (maybe not be 
sufficient) to work with nanoparticle aggregates rather than isolated nanoparticles[10]. In 
nanostructure aggregates the right conditions are created  or the o servation o  “hot 
spot” [11,12].  Due to high surface area of metal nanoparticles, they tend to form 
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aggregates to reduce their free interfacial energy. Inorganic and organic ions can play a 
significant role in determining the aggregation and electro-kinetic behavior of colloidal 
nanoparticles. Ions charged oppositely to the surface charge can strongly attenuate the 
effect of electrostatic double layer repulsion by neutralizing the particle surface charge. 
This results in enhanced colloidal  aggregation[10]. The aggregation of silver and gold 
colloids has been extensively studied[13], and the formation of these aggregates were 
the source for single molecule detection.[14,15] 
Here we explore the aggregation of SHINs using three organic ions. In a separate study, 
the aggregation of SHINs using inorganic ions has been shown to increase the overall 
SHINEF enhancement[16] [A. Guerrero, PhD thesis 2013]. The organic compounds used 
here are well known surfactants. Surfactants are compounds that lower the surface 
tension. Surfactants are usually organic compounds that are amphiphilic; they contain 
both hydrophobic groups (tails) and hydrophilic groups (heads). Sodium dodecyl sulfate 
(SDS) is an anionic surfactant used in many cleaning and hygiene products. The salt is of 
an organosulfate consisting of a 12-carbon tail attached to a sulfate group, giving the 
material the amphiphilic properties required of a detergent. The second organic 
compound is Cetrimonium bromide ((C16H33) N (CH3)3Br)cetyltrimethylammonium 
bromide or hexadecyltrimethylammonium bromide, (CTAB), which is one of the 
components of the topical antiseptic cetrimide. It is a cationic surfactant which has been 
widely used in synthesis of gold nanoparticles. The third organic compound used was 
poly(allylamine hydrochloride) (PAH), a cationic polyelectrolyte prepared by the 
polymerization of allylamine. It can be used in combination with an anionic 
polyelectrolyte like poly(sodium styrene sulfonate) to form a layer-by-layer adsorbed 
film of negatively and positively charged polymers. 
Sodium dodecyl sulfate (SDS) and Hexadecyltrimethylammonium Bromide (CTAB) and 
Poly(allylamine hydrochloride) (PAH)are all purchased from Sigma-Aldrich and used 
without further purification. All organic compounds were prepared as a 10-3 M solution 
with Milli-Q water 
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Figure 5-6 Uv absorbance of CV with various amount SDS and 50 ul of citrate Ag SHINs 
 
Figure 5-7 SDS in CV SHINEF experiment 
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SDS is an anionic surfactant, and the Ag SHINs also have a negative surface charge. The 
equal charges makes the particles repeal the SDS, and then the SDS effect on the SHIN 
aggregation is not obvious.  In Figure 5-6 the electronic absorption of the CV solution 
can be seen with the plasmon absorption of Ag SHINs added to the CV solution. When 
SDS was added to the mix, there is no change in the shape of the plasmon absorption. 
The SHINEF results are presented in Figure 5-7, where the red line represents 200 µL of 
SDS 10-3 added to Ag SHINs in 1.2 x 10-5 M of CV solution mixed with them together to 
make total 1mL solution. The solution is in a quartz cuvette, illuminated with the 514.5 
laser line and 10% laser power. The lake blue line represents the CV solution with Ag 
SHINs (no surfactant added) for reference; all the other conditions were same except 
the lake blue line is without the SDS.  For CV with Ag SHINs alone the SHINEF 
enhancement factor is 8.45; with SDS, the enhancement factor increases to 10.85. In 
summary, the minor changes in intensity are within experimental errors and can be 
concluded that SDS has no effect on the SHINEF of the CV solution.  
 
Figure 5-8 Uv absorbance spectrum for SHINEF experiment with CTAB 
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Figure 5-9 Fluorescent spectrum of CTAB aggregation experiment with SEM 
However, with the CTAB surfactant test, things changed significantly. CTAB is a cationic 
surfactant and an aggressive aggregating agent for SHINs. When CTAB solution is added 
to negatively-charged Ag SHINs, they aggregation proceeds very fast and difficult to 
control. The aggregation affects the plasmon absorption as can be seen in Figure 5-8 
correspondingly; the aggregation changes the fluorescence spectrum as illustrated in 
Figure 5-9. All spectra are recorded under the same experimental conditions: 50µL of Ag 
SHINs to which we added 100µL of CTAB solution plus 100µL of CV. Finally, into same 
quartz cuvette we add Milli-Q water up to 1mL. For excitation, the 514.5 laser line is 
used with fixed laser power. The numbers beside each line represent different trials; the 
4 trials gave different spectra, which indicate that the in solution CTAB induces different 
aggregation every time. The average SHINEF enhancement calculation carried out with 
trial 3, gives an enhancement factor for fluorescent of 19.82. In this case, the SHINEF EF 
is clearly higher in the presence of aggregates than the SHINEF of CV+Ag-SHINs. 
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Figure 5-10 Fluorescent Spectrum of PAH aggregation with SEM 
Since PAH is of the same type of cationic polymer and works same as CTAB, we use this 
polymer to confirm the CTAB data. PAH also is a strong aggregating agent same as CTAB. 
The result are shown in Figure 5-10, where it can be seen that SHINEF enhancement 
with PAH aggregation is much higher than reference SHINEF of CV+AgSHINs. The shape 
of the observed enhanced spectra, requires further studies; but it can be assumed that 
is due to spectral profile modification[1] induced by the plasmons of the aggregates 
formed in solution. The SEM images collected from these aggregates seem to support 
the previous assumption as can be seen in Figure 5-11. 
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Figure 5-11 SEM of CTAB & PAH aggregation 
5.4 Conclusion  
Nanostructure is the heart of plasmon enhanced spectroscopy. It was shown here that 
the plasmon tuning to the fluorophore emission achieved with more monodisperse 
nanoparticles than those produced with the citrate reduction method, after coating to 
form SHINs, provide higher SHINEF enhancement factors than coated citrate-reduced 
SHINs. We revisited the light stability and confirm that gold colloids are much stable 
than the silver colloids. The most important new result in the chapter is the 
demonstration SHINs can be aggregated in the presence of surfactants, which can 
significantly increase the SHINEF signal in solution. The formation of SHINs aggregates is 
clearly seen in the SEM images. The new plasmon of the aggregates seems to induce 
spectral profile modification in the observed SHINEF spectra.  
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6 Chapter Six 
6.1 Conclusion 
The main objective of this thesis was the fabrication and characterization of shell 
isolated silver nanoparticles for applications in plasmon enhanced spectroscopy. The 
wet chemistry bottom up approach for synthesis of SiO2 coated silver nanoparticles 
follows closely the previously published work for gold nanostructures.  Several methods 
for the fabrication of silver colloids were revisited with the objective of fabricating or 
shell-isolated silver, including synthesis of silver colloids with highly homogeneous 
distribution of sizes. The experimental work was carried out monitoring the most 
relevant factors affecting the outcome of the synthesis of colloids and SiO2 coating 
(visible light, pH, temperature, speed of stirring, chemical reagents). Comparing three 
wet chemistry synthesis of silver nanoparticles, the most reliable method for coating is 
using colloidal silver prepared with hydroxylamine hydrochloride reducing agent and 
coated with TEOS and TPM. It should be pointed out that the best silver SHINs can 
perform with the same enhancing power for a period of 3 weeks. However, the gold 
SHINs were found to be active after three years.   
SHINERS and SHINEF applications of the silver SHINs were carried out using two low 
quantum yield dyes; crystal violet and ethyl violet in solution. It was confirmed for both 
organic molecules in solution that the plasmon enhancement for enhanced fluorescence 
is proportional to E2 of the local field value (E), while plasmon enhanced Raman 
Scattering is proportional to E4. The relationship is clearly observed when the metal-
molecule distance is such that quenching is negligible.  The latter was further confirmed 
with coated silver cubes in solution. 
Finally, following SERS experiments, where aggregation of silver and gold colloids leads 
to better enhancement, aggregation of silver SHINs was induced using surfactants. 
Notably, a substantial increase in the enhancement factor is achieved with SHINs 
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aggregates in solution showing higher localized enhancement of fluorescence (hot 
spots).   
6.2 Future work 
The SHINs will play an important role in the development of analytical tools for 
enhanced spectroscopy. SHINs nanostructures could make significant contributions to 
the biological and medical fluorescence microscopy field. The silica coating is important 
to protect the metal nanoparticles and further studies are needed to explore the SiO2 
interactions at interfaces, including functionalization of SHINs for selective applications. 
 
60 
 
Appendix 
JOHN WILEY AND SONS LICENSE 
TERMS AND CONDITIONS 
Sep 06, 2013 
This is a License Agreement between Yun Zhang ("You") and John Wiley and Sons ("John 
Wiley and Sons") provided by Copyright Clearance Center ("CCC"). The license consists 
of your order details, the terms and conditions provided by John Wiley and Sons, and 
the payment terms and conditions. 
All payments must be made in full to CCC. For payment instructions, please see 
information listed at the bottom of this form. 
License Number 3223240213784 
License date Sep 06, 2013 
Licensed content 
publisher 
John Wiley and Sons 
Licensed content 
publication 
Small 
Licensed content title Experimental Confirmation of Local Field Enhancement 
Determining Far-Field Measurements with Shell-Isolated 
Silver Nanoparticles 
Licensed copyright line Copyright © 2012 WILEY-VCH Verlag GmbH & Co. KGaA, 
Weinheim 
Licensed content author Ariel R. Guerrero,Yun Zhang,Ricardo F. Aroca 
Licensed content date Jul 6, 2012 
Start page 2964 
End page 2967 
Type of use Dissertation/Thesis 
Requestor type Author of this Wiley article 
Format Print and electronic 
61 
 
Portion Full article 
Will you be translating? No 
Total 0.00 USD 
 
TERMS AND CONDITIONS 
This copyrighted material is owned by or exclusively licensed to John Wiley & Sons, Inc. 
or one of its group companies (each a "Wiley Company") or a society for whom a Wiley 
Company has exclusive publishing rights in relation to a particular journal (collectively 
"WILEY"). By clicking "accept" in connection with completing this licensing transaction, 
you agree that the following terms and conditions apply to this transaction (along with 
the billing and payment terms and conditions established by the Copyright Clearance 
Center Inc., ("CCC's Billing and Payment terms and conditions"), at the time that you 
opened your RightsLink account (these are available at any time 
athttp://myaccount.copyright.com). 
 
 
Terms and Conditions 
1. The materials you have requested permission to reproduce (the "Materials") are 
protected by copyright. 
2.You are hereby granted a personal, non-exclusive, non-sublicensable, non-
transferable, worldwide, limited license to reproduce the Materials for the purpose 
specified in the licensing process. This license is for a one-time use only with a maximum 
distribution equal to the number that you identified in the licensing process. Any form 
of republication granted by this license must be completed within two years of the date 
of the grant of this license (although copies prepared before may be distributed 
thereafter). The Materials shall not be used in any other manner or for any other 
purpose. Permission is granted subject to an appropriate acknowledgement given to the 
author, title of the material/book/journal and the publisher. You shall also duplicate the 
copyright notice that appears in the Wiley publication in your use of the Material. 
Permission is also granted on the understanding that nowhere in the text is a previously 
published source acknowledged for all or part of this Material. Any third party material 
is expressly excluded from this permission. 
3. With respect to the Materials, all rights are reserved. Except as expressly granted by 
the terms of the license, no part of the Materials may be copied, modified, adapted 
(except for minor reformatting required by the new Publication), translated, 
reproduced, transferred or distributed, in any form or by any means, and no derivative 
works may be made based on the Materials without the prior permission of the 
respective copyright owner. You may not alter, remove or suppress in any manner any 
copyright, trademark or other notices displayed by the Materials. You may not license, 
rent, sell, loan, lease, pledge, offer as security, transfer or assign the Materials, or any of 
the rights granted to you hereunder to any other person. 
62 
 
4. The Materials and all of the intellectual property rights therein shall at all times 
remain the exclusive property of John Wiley & Sons Inc or one of its related companies 
(WILEY) or their respective licensors, and your interest therein is only that of having 
possession of and the right to reproduce the Materials pursuant to Section 2 herein 
during the continuance of this Agreement. You agree that you own no right, title or 
interest in or to the Materials or any of the intellectual property rights therein. You shall 
have no rights hereunder other than the license as provided for above in Section 2. No 
right, license or interest to any trademark, trade name, service mark or other branding 
("Marks") of WILEY or its licensors is granted hereunder, and you agree that you shall 
not assert any such right, license or interest with respect thereto. 
5. NEITHER WILEY NOR ITS LICENSORS MAKES ANY WARRANTY OR REPRESENTATION OF 
ANY KIND TO YOU OR ANY THIRD PARTY, EXPRESS, IMPLIED OR STATUTORY, WITH 
RESPECT TO THE MATERIALS OR THE ACCURACY OF ANY INFORMATION CONTAINED IN 
THE MATERIALS, INCLUDING, WITHOUT LIMITATION, ANY IMPLIED WARRANTY OF 
MERCHANTABILITY, ACCURACY, SATISFACTORY QUALITY, FITNESS FOR A PARTICULAR 
PURPOSE, USABILITY, INTEGRATION OR NON-INFRINGEMENT AND ALL SUCH 
WARRANTIES ARE HEREBY EXCLUDED BY WILEY AND ITS LICENSORS AND WAIVED BY 
YOU. 
6. WILEY shall have the right to terminate this Agreement immediately upon breach of 
this Agreement by you. 
7. You shall indemnify, defend and hold harmless WILEY, its Licensors and their 
respective directors, officers, agents and employees, from and against any actual or 
threatened claims, demands, causes of action or proceedings arising from any breach of 
this Agreement by you. 
8. IN NO EVENT SHALL WILEY OR ITS LICENSORS BE LIABLE TO YOU OR ANY OTHER 
PARTY OR ANY OTHER PERSON OR ENTITY FOR ANY SPECIAL, CONSEQUENTIAL, 
INCIDENTAL, INDIRECT, EXEMPLARY OR PUNITIVE DAMAGES, HOWEVER CAUSED, 
ARISING OUT OF OR IN CONNECTION WITH THE DOWNLOADING, PROVISIONING, 
VIEWING OR USE OF THE MATERIALS REGARDLESS OF THE FORM OF ACTION, WHETHER 
FOR BREACH OF CONTRACT, BREACH OF WARRANTY, TORT, NEGLIGENCE, 
INFRINGEMENT OR OTHERWISE (INCLUDING, WITHOUT LIMITATION, DAMAGES BASED 
ON LOSS OF PROFITS, DATA, FILES, USE, BUSINESS OPPORTUNITY OR CLAIMS OF THIRD 
PARTIES), AND WHETHER OR NOT THE PARTY HAS BEEN ADVISED OF THE POSSIBILITY 
OF SUCH DAMAGES. THIS LIMITATION SHALL APPLY NOTWITHSTANDING ANY FAILURE 
OF ESSENTIAL PURPOSE OF ANY LIMITED REMEDY PROVIDED HEREIN. 
9. Should any provision of this Agreement be held by a court of competent jurisdiction 
to be illegal, invalid, or unenforceable, that provision shall be deemed amended to 
achieve as nearly as possible the same economic effect as the original provision, and the 
legality, validity and enforceability of the remaining provisions of this Agreement shall 
not be affected or impaired thereby. 
10. The failure of either party to enforce any term or condition of this Agreement shall 
not constitute a waiver of either party's right to enforce each and every term and 
condition of this Agreement. No breach under this agreement shall be deemed waived 
or excused by either party unless such waiver or consent is in writing signed by the party 
63 
 
granting such waiver or consent. The waiver by or consent of a party to a breach of any 
provision of this Agreement shall not operate or be construed as a waiver of or consent 
to any other or subsequent breach by such other party. 
11. This Agreement may not be assigned (including by operation of law or otherwise) by 
you without WILEY's prior written consent. 
12. Any fee required for this permission shall be non-refundable after thirty (30) days 
from receipt 
13. These terms and conditions together with CCC's Billing and Payment terms and 
conditions (which are incorporated herein) form the entire agreement between you and 
WILEY concerning this licensing transaction and (in the absence of fraud) supersedes all 
prior agreements and representations of the parties, oral or written. This Agreement 
may not be amended except in writing signed by both parties. This Agreement shall be 
binding upon and inure to the benefit of the parties' successors, legal representatives, 
and authorized assigns. 
14. In the event of any conflict between your obligations established by these terms and 
conditions and those established by CCC's Billing and Payment terms and conditions, 
these terms and conditions shall prevail. 
15. WILEY expressly reserves all rights not specifically granted in the combination of (i) 
the license details provided by you and accepted in the course of this licensing 
transaction, (ii) these terms and conditions and (iii) CCC's Billing and Payment terms and 
conditions. 
16. This Agreement will be void if the Type of Use, Format, Circulation, or Requestor 
Type was misrepresented during the licensing process. 
17. This Agreement shall be governed by and construed in accordance with the laws of 
the State of New York, USA, without regards to such state's conflict of law rules. Any 
legal action, suit or proceeding arising out of or relating to these Terms and Conditions 
or the breach thereof shall be instituted in a court of competent jurisdiction in New York 
County in the State of New York in the United States of America and each party hereby 
consents and submits to the personal jurisdiction of such court, waives any objection to 
venue in such court and consents to service of process by registered or certified mail, 
return receipt requested, at the last known address of such party. 
Wiley Open Access Terms and Conditions 
Wiley publishes Open Access articles in both its Wiley Open Access Journals program 
[http://www.wileyopenaccess.com/view/index.html] and as Online Open articles in its 
subscription journals. The majority of Wiley Open Access Journals have adopted 
the Creative Commons Attribution License (CC BY) which permits the unrestricted use, 
distribution, reproduction, adaptation and commercial exploitation of the article in any 
medium. No permission is required to use the article in this way provided that the 
article is properly cited and other license terms are observed. A small number of Wiley 
Open Access journals have retained the Creative Commons Attribution Non Commercial 
License (CC BY-NC), which permits use, distribution and reproduction in any medium, 
provided the original work is properly cited and is not used for commercial purposes. 
Online Open articles - Authors selecting Online Open are, unless particular exceptions 
apply, offered a choice of Creative Commons licenses. They may therefore select from 
64 
 
the CC BY, the CC BY-NC and the Attribution-NoDerivatives (CC BY-NC-ND). The CC BY-
NC-ND is more restrictive than the CC BY-NC as it does not permit adaptations or 
modifications without rights holder consent. 
Wiley Open Access articles are protected by copyright and are posted to repositories 
and websites in accordance with the terms of the applicable Creative Commons license 
referenced on the article. At the time of deposit, Wiley Open Access articles include all 
changes made during peer review, copyediting, and publishing. Repositories and 
websites that host the article are responsible for incorporating any publisher-supplied 
amendments or retractions issued subsequently. 
Wiley Open Access articles are also available without charge on Wiley's publishing 
platform,Wiley Online Library or any successor sites. 
Conditions applicable to all Wiley Open Access articles: 
The authors' moral rights must not be compromised. These rights include the right of 
"paternity" (also known as "attribution" - the right for the author to be identified as 
such) and "integrity" (the right for the author not to have the work altered in such a way 
that the author's reputation or integrity may be damaged).  
Where content in the article is identified as belonging to a third party, it is the obligation 
of the user to ensure that any reuse complies with the copyright policies of the owner of 
that content.  
If article content is copied, downloaded or otherwise reused for research and other 
purposes as permitted, a link to the appropriate bibliographic citation (authors, journal, 
article title, volume, issue, page numbers, DOI and the link to the definitive published 
version on Wiley Online Library) should be maintained. Copyright notices and 
disclaimers must not be deleted. 
Creative Commons licenses are copyright licenses and do not confer any other rights, 
including but not limited to trademark or patent rights. 
 
Any translations, for which a prior translation agreement with Wiley has not been 
agreed, must prominently display the statement: "This is an unofficial translation of an 
article that appeared in a Wiley publication. The publisher has not endorsed this 
translation."  
Conditions applicable to non-commercial licenses (CC BY-NC and CC BY-NC-ND) 
For non-commercial and non-promotional purposes individual non-commercial users 
may access, download, copy, display and redistribute to colleagues Wiley Open Access 
articles. In addition, articles adopting the CC BY-NC may be adapted, translated, and 
text- and data-mined subject to the conditions above. 
Use by commercial "for-profit" organizations 
Use of non-commercial Wiley Open Access articles for commercial, promotional, or 
marketing purposes requires further explicit permission from Wiley and will be subject 
to a fee. Commercial purposes include: 
Copying or downloading of articles, or linking to such articles for further redistribution, 
sale or licensing;  
Copying, downloading or posting by a site or service that incorporates advertising with 
such content;  
65 
 
The inclusion or incorporation of article content in other works or services (other than 
normal quotations with an appropriate citation) that is then available for sale or 
licensing, for a fee (for example, a compilation produced for marketing purposes, 
inclusion in a sales pack)  
Use of article content (other than normal quotations with appropriate citation) by for-
profit organizations for promotional purposes  
Linking to article content in e-mails redistributed for promotional, marketing or 
educational purposes;  
Use for the purposes of monetary reward by means of sale, resale, license, loan, 
transfer or other form of commercial exploitation such as marketing products  
Print reprints of Wiley Open Access articles can be purchased 
from:corporatesales@wiley.com  
The modification or adaptation for any purpose of an article referencing the CC BY-NC-
ND License requires consent which can be requested fromRightsLink@wiley.com . 
 
 
 
  
66 
 
Vita Auctoris 
Yun Kate Zhang was born in Shanghai, China. In 1994, she enrolled in the clinical 
medicine in the Shanghai Second Medicine University and Graduated with diploma in 
clinic medicine.  
In 2000, she immigrated to Canada with her husband and the first job was a Tim 
Horton’s casher job shortly after she arrived in Canada. After pouring double double 
coffee for six month, she found the second job in Medical Pharmacy as a pharmacy 
technician. She had kept this job for more than five years. 
In 2007, she made an important decision which was back to school to pursue a bachelor 
degree. She studied very hard in the next 4 years and spent most of leisure time in the 
Leddy Library. In 2011 she finished an Honours of Biochemistry Bachelor degree in 
University of Windsor. 
After short a while, she joined  r. Ricardo Aroca ‘s Material and Surface Science Group 
as a research assistant and start her Master student study in Analytical and Material 
application in Biochemistry with Nanotechnology. She was very happy and enjoyed the 
time she spent in this very dark and super cold for all the seasons’ research playground 
in the Essex Hall basement. 
  
67 
 
Publication and Conferences 
1. Experimental Conformation of Local Field Enhancement Determine Far Field 
Measurement with Shell-Isolated Silver Nanoparticles Guerrero, A.R; Zhang, Y; 
Aroca, R.F Small 2012 8:2964-2967 
2. Plasmon-Enhance Raman/Fluorescent Ratio With Shell-Isolated Silver 
Nanoparticles Guerrero, A.R; Zhang, Y; Aroca,R.F 7th International Symposium on 
Advanced Material Nanostructure 2012, Sorocaba, Brazil Poster presentation 
(May 20-23, 2012) 
3. Synthesis of Shell-Isolated Nanoparticles for Plasmon-Enhanced Spectroscopy 
Zhang, Y; Chen, W; Aroca,R.F 96th Canadian Chemistry Conference and 
Exhibition, Quebec, Canada Oral Presentation (May 26-30, 2013)  
 
 
